
RSC Advances

PAPER

Pu
bl

is
he

d 
on

 3
0 

Ju
ly

 2
01

5.
 D

ow
nl

oa
de

d 
by

 F
ai

l O
pe

n 
on

 7
/2

3/
20

25
 9

:0
5:

22
 A

M
. 

View Article Online
View Journal  | View Issue
Controllable in s
aDepartment of Chemistry, School of Scie

Second Avenue, Xiasha Higher Education Z

xpdong@zstu.edu.cn; Fax: +86 571 8684365
bQian Xuesen Laboratory of Space Techno

Beijing, China. E-mail: fmcui01@163.com

68113055

† Electronic supplementary informa
10.1039/c5ra08416d

‡ These authors contributed equally to th

Cite this: RSC Adv., 2015, 5, 68151

Received 7th May 2015
Accepted 30th July 2015

DOI: 10.1039/c5ra08416d

www.rsc.org/advances

This journal is © The Royal Society of C
itu synthesis of BiOBrxI1�x solid
solution on reduced graphene oxide with enhanced
visible light photocatalytic performance†

Zhichong Yang,‡a Fuxing Cheng,‡a Xiaoping Dong*a and Fangming Cui*b

Novel composite photocatalysts, BiOBrxI1�x–rGO, were facilely prepared by in situ controllable deposition

of BiOBrxI1�x solid solutions onto the surface of graphene oxide which was then reduced at mild conditions.

The high-resolution transmission electron microscopy results revealed an intimate interface between

BiOBrxI1�x and rGO in the composites. The UV-vis diffuse reflectance spectra showed that BiOBrxI1�x–rGO

composites had intense optical absorption in the visible light region. These excellent structural and

spectral properties endowed BiOBrxI1�x–rGO composites with enhanced photocatalytic performance.

Significantly, the BiOBr0.6I0.4–rGO sample exhibited the best photocatalytic activity for the

photodegradation of methyl orange under visible light irradiation (l > 420 nm). The enhanced

photocatalytic activity could be attributed to more effective charge separation and transportation, and

increased light absorption. The radical trapping experiments confirmed that holes and superoxide radical

species were the two main reactive species in the photocatalysis process. Moreover, this material

exhibited great stability and durability, which retained more than 80% degradation after several cycles.
Introduction

In the past two decades, semiconductor-based photocatalysis
has received increasing attention because of its wide applica-
tions in energy generation and environmental purication.1–3

However, traditional photocatalysts, such as TiO2, ZnO2, SnO2

et al., are faced with the low efficient utilization of natural
sunlight and the high recombination of photogenerated
carriers. Numerous semiconductors with narrow band gap have
recently been studied as visible light harvesting photocatalysts.
Among them, bismuth oxyhalides (BiOX, X ¼ F, Cl, Br, I) have
been extensively investigated owing to their unique layered
structure and high stability.4–8 All of the BiOX crystallize in the
tetragonal matlockite structure comprising of [Bi2O2]

2+ slabs
interleaved by double slabs of halogen atoms. The formed
internal static electric elds between the negative halogen
layers and the positive [Bi2O2]

2+ layer can efficiently promote the
separation of photogenerated electron–hole pairs.9–11

However, the photocatalytic efficiency of pure BiOX is far
from efficient for practical applications under visible light. Up
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to date, some strategies have been carried out, which includes
the controlling synthesis of BiOX with specic morphology and
structure,12–16 constructing BiOX-based composites with other
semiconductors (such as TiO2,17 ZnO,18 C3N4,19–21 AgX,22 MoS2,23

Ag3PO4,24 Bi2S3,25 Bi2WO6,26 ZnFe2O4
27) and doping with metal

atoms28–32 (such as Ag, Al, Fe, Ti, Mn). Besides, some BiOX–BiOY
(X, Y ¼ Cl, Br, I) composite systems have also been synthesized
very recently, and all the alloyed compounds have been found to
be more active than the pure phase.33–36 The enhanced photo-
catalytic activity is mainly attributed to the intimately contacted
interfaces in composites and well-aligned straddling band-
structure that is favourable for the efficient transfer of photo-
generated charges.

Graphene, a single layer of sp2-bonded carbon atoms tightly
packed into a two-dimensional honeycomb structure, has
attracted great attention in electronic, optical and catalytic
elds because of its outstanding mechanical, optical and elec-
trical properties.37–42 Due to the excellent mobility of charge
carriers and extremely high theoretical specic surface area,
graphene recently exhibited potential applications in photo-
catalysis including hydrogen production from photocatalytic
water-splitting and photo-degradation of organic pollutants. As
the electron acceptor, photogenerated electrons on conduction
band are rapidly transported to graphene, and then reduce H2O
to produce H2 or react with O2 to form superoxide radicals
(cO2

�) with strongly oxidizing property. It has been reported
that graphene (or reduced graphene oxides, rGO) based
composite photocatalysts, such as graphene/BiOBr,43 graphene/
BiOI,44 graphene/BiOBr0.8I0.2 45 and graphene/BiOCl,46 exhibited
RSC Adv., 2015, 5, 68151–68158 | 68151
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enhanced photocatalytic performance in comparison with their
corresponding individual semiconductor photocatalysts.

Herein, photocatalysts composing solid solution of bismuth
oxyhalides (BiOBrxI1�x) and rGO, denoted as BiOBrxI1�x–rGO,
were prepared by an in situ growth strategy of BiOBrxI1�x on GO,
followed by a reduction treatment. The phase composition,
morphologies, microstructure and optical properties of these
obtained photocatalysts were well characterized, and the inu-
ence of molar ratio of Br�/I� in solid solution on photocatalytic
activity were also investigated. As an optimal sample, the
BiOBr0.6I0.4–rGO composite showed excellent high photo-
catalytic activity in degradation of Methyl Orange (MO) under
visible light (l > 420 nm) irradiation. Furthermore, the possible
mechanism for visible light driven photocatalytic reaction was
also proposed.
Experimental
Synthesis of GO

Graphene oxide (GO) was prepared according to the modied
Staudenmaier method.43 In detail, 10 mL of HNO3 (70%) and
18 mL of H2SO4 (98%) were mixed and stirred for 15 min in a
500 mL reaction ask immersed in an ice bath. Then amount
of graphite (1 g) was added into the above concentrated acid
mixture and stirred for 20 min. Aer that, the ice bath was
removed, and 22 g of KClO3 was added slowly into the solu-
tion. The reaction mixture was stirred continuously for 48 h at
room temperature. Then, the mixture was added to excess
distilled water, washed with 5% HCl solution, and then
repeatedly washed with distilled water until the pH of the
ltrate was �7. To remove unexfoliated GO, the prepared GO
was dispersed in distilled water with a concentration of 1 g L�1

and sonicated for 1 h. The dispersion was then centrifuged at
5000 rpm for 10 min, and the resultant homogeneous yellow-
brown dispersion was then ltered through a 200 nm pore size
polytetrauoroethylene (PTFE) membrane. The exfoliated GO
in the ltrates was then collected and dried in a vacuum oven
at 40 �C overnight to get sample in powder form for further
use.
Synthesis of BiOBrxI1�x–rGO composites

The BiOBrxI1�x–rGO composites were prepared via an in situ
precipitation method. Firstly, measured amounts of KI and KBr
were added into 100 mL 0.05 mg mL�1 GO suspension, and
then the mixture was ultrasonicated for 30 min to obtain a
uniform suspension. Meanwhile, a stoichiometric amount of
Bi(NO3)3$5H2O solid was dissolved in 1 mL glacial acetic acid to
obtain a clear solution. Following, the solution was added
rapidly to the suspension and subsequently stirred for 1 h at
65 �C. Aer adding a certain amount of ammonia and hydrazine
monohydrate solution, the suspension was stirred at 65 �C for
another 3.5 h. Finally, the obtained precipitation was ltrated,
washed several times with deionized water and dried in a
vacuum oven at 60 �C overnight.
68152 | RSC Adv., 2015, 5, 68151–68158
Characterization

The crystal structure of samples was analyzed by an X-ray
diffraction (XRD, DX-2700 diffractometer, Dandong Haoyuan
Instrument Co. Ltd, China) with high-intensity Cu-Ka radiation
(l ¼ 0.15418 nm). The step scan covered the angular range 5–
70� in steps of 0.03�. The morphology and structure of samples
were examined by a eld emission scanning electron micros-
copy (FE-SEM, Hitachi S-4800) and transmission electron
microscopy (TEM: JEOL-2100 electron microscope, Japan) at
200 kV. Raman spectra were recorded on amicroscopic confocal
Raman spectrometer with an excitation of 514.5 nm laser light
at room temperature. UV-vis diffuse reectance spectroscopy
measurements were carried out using a Shimadzu UV-2450
spectrophotometer in the range of 200 to 800 nm with an
integrating sphere using BaSO4 as a reectance standard
material. The COD of photocatalytic solution was determined by
a HACH DR1010 (USA) direct reading spectrophotometer using
a HACH COD reactor.
Photocatalytic studies

The photocatalytic performance of as-prepared samples was
evaluated by photodegradation of MO in aqueous solution
under visible light irradiation. All the photocatalytic tests were
carried out in a photochemical reactor (HSX-F300, Beijing NBet)
equipped with a 300 W xenon lamp linking a 420 nm cut-off
lter as light source. In each experiment, 100 mg of photo-
catalyst powder was added into 100 mL of MO solution with an
initial concentration of 10 mg L�1. Prior to illumination, the
suspension was stirred in dark for 60 min to insure adsorption–
desorption equilibrium of MO on photocatalyst surface. During
the course of irradiation, 3.0 mL of suspension was withdrawn
periodically from the reactor, followed by centrifugation and
separation to remove the bottom photocatalyst particles.
Finally, the supernatant liquid was measured on the Shimadzu
UV-2450 spectrophotometer, and the degradation ratio of MO
was obtained by calculating the concentration change (C/C0)
from the variation of absorbance (A/A0) at 464 nm. C0 and A0
denote the concentration and absorbance of MO solution at the
adsorption–desorption equilibrium.
Results and discussion
Characterization of BiOBrxI1�x–rGO composites

Fig. 1 exhibited XRD patterns of BiOBrxI1�x–rGO samples, as
well as pure BiOBr and BiOI. It was found in Fig. 1a that all the
diffraction peaks of pure BrOBr and BiOI could be respectively
indexed to the tetragonal BiOBr phase (JCDPS 73-2061; a ¼ b ¼
3.915 Å, c ¼ 8.076 Å) and the tetragonal BiOI phase (JCDPS 73-
2062; a ¼ b ¼ 3.984 Å, c ¼ 9.128 Å). Aer combining with rGO,
the relative intensity of diffractions for BiOBr–rGO and BiOI–rGO
obviously changed. The weakening and broadening of (001)
diffractions revealed the decrease of BiOX thickness in c direc-
tion, which suggested the signicant inuence of rGO on the
growth of BiOX. Because of the similar crystal structure and
different halogen ion radius, BiOI possesses a relative large
interlayer spacing in comparison with BiOBr. It was obvious
This journal is © The Royal Society of Chemistry 2015
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Fig. 1 XRD patterns of BiOBrxI1�x–rGO samples, as well as pure BiOBr
and BiOI.

Fig. 2 SEM images of (a) BiOBr0.6I0.4, (b) BiOBr0.6I0.4–rGO samples; (c)
TEM image, and (d) HR-TEM image of BiOBr0.6I0.4–rGO sample.

Fig. 3 Raman spectra of BiOBr0.6I0.4–rGO and BiOBr0.6I0.4–GO
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that the solid solution of BiOBrxI1�x in BiOBrxI1�x–rGO
composites depicted a medium interlayer spacing between pure
BiOBr and BiOI. Moreover, the evolution of XRD pattern upon
the variation for molar ratio of Br�/I� was shown in Fig. 1b.
With increase of the content of I� ion, the (001) diffraction
gradually shied from high angle of pure BiOBr to low angle of
pure BiOI, which demonstrated the enlargement of interlayer
spacing step by step. This result can be ascribed to the
successful formation of solid solution of BiOBrxI1�x. In addi-
tion, no diffraction peaks for carbon species observed should
result from the low amount (1.0 wt%) of reduced graphene
oxide and its well dispersion in these composites. With respect
to the existence of rGO, it was further proved by the below TEM
and Raman spectra studies.

The morphology and structure of BiOBrxI1�x–rGO were
examined by electronic microscopy technologies (Fig. 2). As
shown in Fig. 2a, the BiOBr0.6I0.4 sample exhibited a lot of
separate irregular nanoakes with diameters of 0.2–0.5 mm.
With the in situ growth on graphene, besides the diminishing of
nanoake thickness as illustrated by XRD results, the lateral
size of nanoakes was apparently decreased (Fig. 2b). Addi-
tionally, rGO was also unable to be observed in FE-SEM image
due to its extremely thin thickness. Fig. 2c depicted the TEM
This journal is © The Royal Society of Chemistry 2015
image of BiOBr0.6I0.4–rGO composite. The ake-like aspect was
similar to the morphology of BiOBr0.6I0.4 in FE-SEM image, and
furthermore some exceedingly thin nanosheets covered on
BiOBr0.6I0.4 akes were checked, which should be assigned as
rGO nanosheets. Fig. 2d exhibited the HRTEM image of
BiOBr0.6I0.4–rGO composite, where three kinds of different
lattice fringes images were found with spacing of 0.353 nm,
0.365 nm and 0.456 nm, respectively corresponding to (101),
(011) and (002) planes of BiOBr0.6I0.4.

Raman spectroscopy technology is a powerful tool to char-
acterize the electronic and structural properties of graphene
and graphene-based materials in particular providing valuable
information about disorder and defect carbon structures.
Representative Raman peaks of graphene were presented in
composites.

RSC Adv., 2015, 5, 68151–68158 | 68153
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Fig. 3 for BiOBr0.6I0.4–rGO and BiOBr0.6I0.4–GO composites. The
peaks at 1346 cm�1 (D band) and 1594 cm�1 (G band) were
observed in the two composites, which were ascribed to the
graphite structures. The intensity of D band (the symmetry A1g
mode) reects the degree of edge chirality and the G band (the
E2g mode of sp2 carbon atoms) represents the relative degree of
graphitization. The intensity ratio of D band to G band (ID/IG) is
proposed to an indication of disorder in GO or rGO, originating
from defects associated with vacancies, grain boundaries, and
amorphous carbons.47 In comparison with BiOBr0.6I0.4–GO, the
ratio of D/G intensity in BiOBr0.6I0.4–rGO increased signi-
cantly, which suggested the successful reduction of graphene
oxide.

The optical property of BiOBrxI1�x–rGO, as well as pure
BiOBr and BiOI was investigated by UV-vis diffused reectance
spectra (Fig. S1†). It was obvious that the absorption edges of
BiOBr and BiOI were at approximately 422 nm and 657 nm,
respectively, which were similar to the previous reports.36 Aer
combination with reduced graphene oxide, the absorption
edges of BiOBr–rGO and BiOI–rGO had no apparent change,
which suggested their band structures were not inuenced in
the in situ growth process. The composites of solid solutions
with reduced graphene oxide showed a trend of gradual red-
shi of absorption edge with the decrease of Br�/I�, which
was similar to the variation of interlayer spacing from XRD
examination. This result could be explained by the successful
formation of solid solution. The band gap of these solid solu-
tions in BiOBrxI1�x–rGO was studied by the following formula:

ahn ¼ A(hn � Eg)
n/2 (1)

where a, n, Eg, and A are absorption coefficient, light frequency,
band gap and a constant, respectively.28–32 The n value is
determined by the type of optical transition characteristics of a
semiconductor (n¼ 1 for direct transition and n¼ 4 for indirect
transition). According to previous studies, the value of n for
BiOX is 4.36 Therefore, the band-gap energy could be estimated
from a plot of (ahn)1/2 vs. photon energy (hn) (Fig. 4), which were
Fig. 4 Plots of (ahn)1/2 vs. photon energy (hn) of BiOBrxI1�x–rGO
samples, as well as pure BiOBr and BiOI.

68154 | RSC Adv., 2015, 5, 68151–68158
3.05, 2.41, 2.25, 2.13, 2.04 and 1.89 eV for BiOBr–rGO,
BiOBr0.8I0.2–rGO, BiOBr0.6I0.4–rGO, BiOBr0.4I0.6–rGO, BiOBr0.2-
I0.8–rGO and BiOI–rGO, respectively.

Photocatalytic study of BiOBrxI1�x–rGO composites

The photocatalytic activities of BiOBrxI1�x–rGO samples were
evaluated by the degradation of MO in an aqueous solution
under visible light irradiation. Fig. 5a showed the change for
absorption spectra of MO aqueous solution under visible light
irradiation with the presence of BiOBr0.6I0.4–rGO composite.
Obviously, the absorbance of MO at 464 nm decreased sharply
and almost disappeared aer 20 min. The result of chemical
oxygen demanded (COD) examination (Fig. 5b) indicated that
organic dyes have been completely degraded to small mole-
cules, not only destroy the chromophoric groups. It is well
known that there are three possible routes for MO photo-
degradation: photolysis, dye photosensitization and photo-
catalytic process. In order to conrm the degradation process,
the blank experiment with the absence of photocatalyst and the
photocatalytic test with Degussa P25 under visible light were
also investigated. As illustrated in Fig. 5c, theMO photocatalysis
was negligible, which indicated that MO molecules were
extremely stable under visible light. The slight degradation of
MO on P25 (Fig. 6a) also demonstrated the dye-sensitization
was insignicant. Therefore, the rapid removal of dyes in
these experiments mainly resulted from the photocatalytic
effect.
Fig. 5 (a) The real-time absorption spectra and (b) the COD value of
MO solution with the presence of BiOBr0.6I0.4–rGO composite under
visible light irradiation; (c) degradation ratios, (d) first-order kinetics
data and (e) rate constants of the photocatalytic removal of MO by
various BiOBrxI1�x–rGO photocatalysts under visible light irradiation.

This journal is © The Royal Society of Chemistry 2015
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Fig. 6 (a) Degradation ratios and (b) first-order kinetics data of the
photocatalytic removal of MO by different photocatalysts.
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The inuence of Br�/I� molar ratio on the photocatalytic
activity of BiOBrxI1�x–rGO composites was investigated and the
results were present in Fig. 5c. A relatively low activity was
achieved on these composites of rGO with pure BiOBr and BiOI.
Only 61.1% and 55.7% of MO were respectively decomposed on
BiOBr–rGO and BiOI–rGO aer irradiation for 60 min. It was
clear that the BiOBrxI1�x–rGO samples displayed more excellent
photocatalytic performance in comparison with BiOBr–rGO and
BiOI–rGO. As the optimal photocatalyst, BiOBr0.6I0.4–rGO
composite possessed the highest photocatalytic activity, and
could remove 93.3%MOmolecules within the initial 20 min. To
quantitatively understand the reaction rate of MO degradation,
the photocatalytic kinetic study was investigated by the pseudo-
rst order model with the following equation:

ln(C0/C) ¼ kt (2)

where C0 and C are the concentrations of MO at time 0 (the time
to obtain adsorption–desorption equilibrium) and t, respec-
tively, and k is the pseudo-rst-order rate constant (Fig. 5d). As see
from Fig. 5e, the rate constants k of BiOBr–rGO, BiOBr0.8I0.2–rGO,
BiOBr0.6I0.4–rGO, BiOBr0.4I0.6–rGO, BiOBr0.2I0.8–rGO and
BiOI–rGO were respectively calculated to 0.0073, 0.0845, 0.1079,
0.0424, 0.0241 and 0.0014 min�1. The optimum photocatalytic
This journal is © The Royal Society of Chemistry 2015
activity of BiOBr0.6I0.4–rGO composite for degradation of MO
was almost 14.8 and 9.5 times as high as those of BiOBr–rGO
and BiOI–rGO, respectively. The above results sufficiently
certied the formation of BiOBrxI1�x–rGO composites could
effectively enhance the photocatalytic performance.

For comparison, other photocatalysts of P25 TiO2,
N-modied TiO2, BiOBr, BiOI, BiOBr0.6I0.4 and BiOBr0.6I0.4–GO
were also prepared for the degradation of MO (Fig. 6a). As
expected, the visible inactive photocatalyst of P25 displayed
poor photocatalytic activity, and the visible active N-modied
TiO2 showed a 28.4% degradation ratio aer 60 min irradia-
tion. These individual BiOBr and BiOI also depicted low activity,
and the performance was greatly improved by a solid solution of
BiOBr0.6I0.4 because of the promoted light harvest and carrier
separation, whereas, its activity was still much lower than that
of BiOBr0.6I0.4–rGO. Moreover, for the weaker electric conduc-
tivity of graphene oxide than reduced graphene oxide, the
composite of BiOBr0.6I0.4–GO illustrated an inferior photo-
catalytic performance in contrast with BiOBr0.6I0.4–rGO. As
displayed in Fig. 6b, the rate constants for MO photo-
degradation by BiOBr0.6I0.4–rGO were 59.9, 20.4, 16.1, 6.0, 1.4
and 2.0 times than those of P25 (0.0018 min�1), N-modied
TiO2 (0.0053 min�1), BiOBr (0.0067 min�1), BiOI
(0.0181 min�1), BiOBr0.6I0.4 (0.0799 min�1) and BiOBr0.6I0.4–GO
(0.0544 min�1), respectively.

Besides the high activity, the stability of photocatalysts was
also very important for practical application. Fig. S2† depicted
the photocatalytic performance of BiOBr0.6I0.4–rGO for degra-
dation of MO with six successive experiments. As we could see,
the MO degradation efficiency only declined by 19.7% aer six
cycles, and we supposed that the mass loss in the progress of
recovery was the main reason for the decrease in photocatalytic
activity of reused photocatalyst in six repeated cycles.
Possible photocatalytic mechanism of BiOBrxI1�x–rGO
composites

The above results revealed that the formation of BiOBrxI1�x–rGO
composites could effectively enhance their photocatalytic
performance under visible light irradiation. On the basic of
experimental data, a possible photocatalytic mechanism of
BiOBr0.6I0.4–rGO composite was explained as follows (Fig. 7).
The valence band potentials (EVB) of solid solution BiOBr0.6I0.4
was estimated according to the following equation of EVB ¼ X �
Ee + 0.5Eg, where X and Ee were respective the electronegativity
of semiconductor and the energy of free electrons on the
hydrogen scale (about 4.50 eV). Thus, the conduct band edge
potential (ECB) could be determined by ECB ¼ EVB � Eg. The
conduction band (CB) and valence band (VB) edge potentials of
BiOBr0.6I0.4 were estimated to be 0.46 eV and 2.71 eV. According
to the p-type semiconductor nature of BiOX, the Fermi energy
level (Ef) of BiOBr0.6I0.4 locates near the VB edge. Because of the
muchmore negative position of rGO Ef level (�0.08 eV),48–50 aer
coupling with rGO, electrons on rGO would transfer to
BiOBr0.6I0.4 until to create a new balance. Driven by the internal
electron eld on the interface, the photoinduced electrons
would transfer to rGO and leave holes on the VB of BiOBrxI1�x,
RSC Adv., 2015, 5, 68151–68158 | 68155

https://doi.org/10.1039/c5ra08416d


Fig. 7 Schematic diagram for (a) energy bands of BiOBrxI1�x and Fermi
level of rGO before contact; (b) the band structure of BiOBrxI1�x–rGO
and its possible photocatalytic mechanism under visible-light
irradiation.

Fig. 8 The photodegradation performance of MO with the presence
of BiOBr0.6I0.4–rGO under the air and N2 atmosphere.

Fig. 9 Photocatalytic degradation of MO by BiOBr0.6I0.4–rGO pho-
tocatalyst with or without the addition of various quenchers.
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therefore suppressing the recombination of carriers. A reduced
photoluminescence (PL) intensity of BiOBrxI1�x–rGO composite
compared to individual BiOBrxI1�x was illustrated in Fig. S3†
that proved this efficient separation. Given the low concentra-
tion of rGO in composites, a portion of BiOBr0.6I0.4 surface was
68156 | RSC Adv., 2015, 5, 68151–68158
not covered by rGO. Some electrons on CB of BiOBr0.6I0.4 would
reduced the adsorbed O2 to superoxide radical (cO2

�) that is a
common active species in photocatalysis process. The
compared experiments in air or nitrogen atmosphere (Fig. 8)
suggested that the presence of oxygen was benecial to enhance
photocatalytic performance.51

The cOH is another active specie in the photocatalytic
degradation. Theoretically, the holes on the surface of BiOBrx-
I1�x–rGO samples can oxidize H2O to cOH because the VB of
BiOBrxI1�x–rGO composites are more positive than E0

(cOH/OH�) (2.38 eV). However, the generation of cOH almost
impossible due to the standard redox potential of BiV/BiIII

(1.59 eV) being more negative than that of cOH/OH�(2.38 eV).33

Therefore, we believe holes and cO2
� are twomain active species

during the photocatalytic reaction happened.
In order to verify the above speculation, we also used the

trapping experiments to further determine the main active
species of BiOBr0.6I0.4–rGO composite for the degradation of
MO (Fig. 9). As shown in the gure, the MO degradation was
signicantly suppressed by adding benzoquinone (BQ, 0.5 mM,
a quencher of cO2

�) and disodium ethylenediaminetetraacetate
(EDTA, 6 mM, a quencher of holes),52–54 respectively. However,
the degradation efficiency of MO was showed no obvious
inuence on photocatalyst by adding tert-butyl alcohol (TBA, 6
mM, a quencher of cOH). These results clearly demonstrated
that cO2

� and hVB
+ should be the main active species in

BiOBrxI1�x–rGO composites system under visible light irradia-
tion for the photocatalytic degradation of MO.
Conclusions

We have successfully synthesized a composite photocatalyst of
BiOBrxI1�x–rGO that was obtained by controllable in situ growth
of BiOBrxI1�x solid solution on reduced graphene oxide. The
optimal BiOBr0.6I0.4–rGO sample exhibited excellent photo-
catalytic activity in the degradation of MO under visible light
irradiation. On the basis of characterization results, we attrib-
uted the enhanced photocatalytic activity to the more effective
This journal is © The Royal Society of Chemistry 2015

https://doi.org/10.1039/c5ra08416d


Paper RSC Advances

Pu
bl

is
he

d 
on

 3
0 

Ju
ly

 2
01

5.
 D

ow
nl

oa
de

d 
by

 F
ai

l O
pe

n 
on

 7
/2

3/
20

25
 9

:0
5:

22
 A

M
. 

View Article Online
electron–hole separation and transportation. Moreover, the
photocatalyst depicted a great stability that the photodecom-
position rate of MO could still retain over 80% aer six cycles.
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